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INVtiNTOW 



It is asstiaed that e possible er.er.t7 v.. taff Itfle-ai etoalc boEU to 
destroy a nejority of the industry of the :h o..t.£. It it t . 
for the United Statoe to iasure that the sluiawa of thee bc*b6 ere 1 sto 
neted tad tocE» in uaiaportant locolHiss. 

There are various ways by which coesj asy -ttemp* to del.vtr 
boabsS toey need net be emaereted. There c e tie . veri t co^storw s%ttr»e* 
such as dispersal of industry, count ratta end \t:y oeV... e. Too 
A.D.S.E.C, is ccaceraed si to e sartiinlftr fj of the sUIUi-y defease 
against toe stosic bcaabj a pfcefce to hich it H pra 5 ceo to ^revrat the 
effective detonation of «n*sy boafcs :y tie' troy in* or deflecting tiX of the 
eneey bombing aircraft. 

The Air Defense 6yste»« Engineer to^ Cossittoe was invitee ty Geaersl - 
lluir S. Fairchild, late V*ss Chief o3 Stsf'f of the ^ir f .ce, to teeke a 
fresh study of the problem of Atr Be e-.s* w to . . ce u<*> r*c-..wt«aar.f,.>.- 
st would leed to a nerked Aisp» wcaer. • <T - cvC ,* eajr.Wl : 'yeere this 
technically and eeonooto-elly feasible. 

This paper is a uaseuay of A.D.&.a.C. toia*Ja fe shout this profcly* to 
date. As such it will serve at en introduction to vit^ou* nith*rto h«to 
aeocreao* which hgva now so 'jr.creasfc la n:* 1 tost toeiv collect* » and 
ordering Is desirable. 
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THE AIR DEFENSE SYSTEM 



lhat follows is a rationalization of various ideas on Air Defense 
gotten from many sources. A.D.S.E.C. did not, of course, commence its 
studies by inquiring "What is a system?" But its thoughts to date shell 
be collected here as though it had done so, because that makes a suit- 
able frame on which to exhibit its various tentative conclusions. 

It ie thought moreover that this kind of discussion will resolve 
many of the difficulties in understanding the system which are of semantic 
origin. Many of the violent arguments which take piece are essentially 
about the meanings of words; many opinions are freely expressed about the 
proper disposition of non-entities, which exist only as words. 

Therefore, Eince we are reasonably certtin of the meaning of the 
words "Air Defense" let us look into the meaning of the word "system." 

The word itself is very general; Webster's gives fifteen different 
meanings for "system." There are, for instance: the "solar system* and 
the "nervous system," in which the word pertains to special arrangements 
of matter; there are slso systems of philosophy, systems for winning with 
horses, and political systems; there are the isolated systems of thermo- 
dynamics, the New York Central System and various aoological systems. 

The Air Defense System has points in common with many of these 
different kinds of systems. But it is also a aeasber of a particular 
category of systems t the category of organisms. This word, still 
according to lebster, means "a structure composea of distinct parts so 
constituted that the functioning of the parts and their relation to one 
another is governed by their relation to the whole." The stress is not 
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only on pattern end arrangement, but on these also as determined by function, 
an attribute desired in the Air Defense System. 

The Air Defense System then, is an organism; and it will be worthwhile 
to examine some different organisms to see if there are any general princi- 
ples to be induced, and possibly used. 

What then are organisms? They are of three kinds: animate organisms 
which comprise animals and groups of animals, including men; partly animate 
organisms which involve animals together with inanimate devices such as is 
the Air Defense System; end inanimate organisms such as vending machines* 
All these organisms possess in common: sensory components, communication 
facilities, date analysing devices, centers of judgement, directors of 
action, and effectors, or executing agencies. 

Organisms also have the power of development or growth end the 
possibility of decay and death. Moreover, they require to be supplied with 
material. Since armies are organisms, it is not surprising that these 
functions parallel the divisions of a general staff* Note that in an army 
the function of development used to he mainly that of recruiting new troops; 
now there are in addition laboratories whose task is to recruit the forces 
of nature. 

Nearly all organisms can sense not only the outside world, but also 
their own activities. It is often the case that some of the component 
parts of a complicated organism are themselves complete organisms. 

It is the function of an organism to interact with and alter the 
activities of other organisms, generally to achieve some defined purpose, 
but not always with any particular other organism or group of organisms. 
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A large organism can be composed entirely of nen — with no machines 
at all* Such was Caesar's Army. Men eew and heart* what was going on in 
battle , thay were the sensory organs* Other men ran in relays back to 
Caesar and told hist about it, they were the communication facility. 
Caesar's staff put all the stories together and filtered out the nonsense, 
they were the analysing device. Caesar himself decided ahat to do or what 
not to do j he wes the center of judgement, Caesar's lieutenants gave the 
orders, they were the directors of action* Finally the orders were execut- 
ed by the erzay* Perhaps sometimes Caesar not only judged but also analysed 
and directed; but then he had only a small job to do, eno much time to do 
it in. 

Many contemporary organisms are composed almost entirely of men with 
the exception of the effectors* Most manufacturing enterprises are like 
* this. More generally, a survey of the organisms which man has put together, 
indicates that the relative mangitudes and degree of mechanisation of their 
functional parts very greatly according to their purpose* and to the preju- 
dices of their particular creators. Although there is usually but one 
center of judgement, such as the board of directors of a company, there can 
be many different kinds of sensory agents, many different analysing agencies 
directors and effectors. Nor is there any fixed pattern in which all these 
functional parts are tied together or communicate with one another. 
FUHCTIONAL COMPOMMTS OF ORGANISMS 

In this paper an attempt is made to examine the Air Defense System in 
light of human experience with other organisms of similar m&gnitude and 
complexity. Before doing this it will be necessary to investigate the 
kinds of functional components which are available j particularly to com- 
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pare the capabilities of the various inaminate components with those of 

man, who is the universal component. 

SENSORS 

Within their physical limitations of size, pass-band, etc., the ear 
and eye are remarkably perfect. They each approach as near the ultimate 
in sensitivity as it would in any case be practical to make them, and 
their dynamic ranges ere also remarkably greet. The particular frequencies 
and media to which they are attuned are not particularly well adopted to 
the detection of high epeed aircraft, but this is not their main dis- 
advantage. 

It is because all visual and aural signals must pass through very 
general analysing devices and centers of judgement and of direction, r.hich 
may add various false or non-pertinent modifications, that their use is 
often unreliable. Moreover, they can only with difficulty be made to 
search in a methodical ana exhaustive manner. A further deterrent to 
their use is that their data must be transmitted by voice to the remainder 
of the large organism, and this is too slow. 

Thus many of the disadvantages of the ear and eye arise directly 
from the fact that they are unavoidably attached to an organism which is 
not the Air Defense System; and therefore their use introduces other 
unnecessary and unwanted brains into that organism. 

In contrast, inanimate sensors such as strain gauges, speedometers, 
radars, microphones, photocells, etc., ai% rarely parts of any orgenism 
other than the main one with which they are in communication. They 
therefore will inevitebly tell what they see, ana they can be made to 
search methodically and exhaustively. Moreover, many of them can detect 
and transmit data at speeds remarkably greater than attainable by the eye 
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In distinction from the ctse of inanimate sensors, an inanimate 
communication facility Is often but not always part of some other 
organism than the one which it serves at the moment. The telephone is 
a case to point* 
COMMUNICATION 

The functional parts of an organism are connected by a communication 
facility such as the nervous system or the telephone system. 

When the human senses are employed in an organism, the communication 
must pass through a human effector — either the voice or the fingers. 
Neither are very repid and both introduce errors. Men communicate rapidly 
by talking and making faces at one another. If* the visuel element is 
omitted the number of errors increases markedly which is a well known 
drawback of the telephone. But inanimate sensors can communicate without 
voice, by suitably varying some physical parameter as pressure, displace- 
ment, voltage, etc. 

In view of these capabilities of e radar in particular, it appears 
too bed that so much is wasted by the addition of a further device, the 
PPI tube, whose only task is to interpret the data bo a man can grasp it. 
The radar searches space methodically, and once the return signal is 
detected, the informs tion is available. Furthermore, the information is 
in an orderly arrangement — namely the order in which the targets were 
first illumine tea. 

All this advantage of speed ana orderliness is lost by the use of the 
PPI tube* For now a man scans the tube in his usual non-orderly fashion 
and so misses some of the dataj the rest he succeeds in transmitting in 
some random order at a low speed to the remainder of the organism. Now 
since all the date was in the r&cer receiver ori^io^lly in the form of 
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electrical impulses, one my well ask why go through ell the trouble of 
using cathode ray tubes ana radar operators so es to put the data on 
telephone lines, again in the form of electrical impulses — especially 
when most of the date is lost and mixed up in the process. It is scarcely 
conceivable that any amount of training or the use of eny number of men 
will ever succeed in getting the data onto the lines in as accurate a 
form ss it originally was in the radar receiver, 
DATA ANALYSERS 

The ra# data transmitted by the communication facility from the sensory 
devices must be analysed or predigested before it can be utilized in the 
making of judgements. The ear hears Chinese as easily as English but un- 
less the listener can interpret Chinese to himself he cannot form any 
judgement or take any action on the basis of what he hears. In a commercial 
establishment the raw data may consist of bills, orders, checks received and 
so on. From this mass of material the directors would be unable to form any 
judgements useful for guiding the business. Therefore, they employ book- 
keepers and accountants to digest or summarise all these papers. 

In the Air Lefenae System this function is called "data filtering. 8 
It consists of plotting aircraft tracks, determining aircraft courses and 
velocities, identification of aircraft ano deletion of nov> pertinent data 
such as noise and friendly aircraft. 

In general a survey of other systems shows that although men are 
extensively used for data analysis, a great deal of semi-automatic or com- 
pletely automatic machinery is also in use. The familiar punched card 
accounting machinery is an example of this. 
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JUDGEMENT 

Judgements are formed te reactions to the incoming analysed data. 
Judgements are usually formed in accordance with certain rules; thus 
the directors of a company usually refer to the standard operating 
practices of the enterprise, anci to the statute law before rendering 
their decision • Judgement is almost invariably carried out with refer- 
ence to past history which implies that a center of judgement contains 
within it a memory. 

Except for trivial things like the switch in a coin operated 
machine which fail6 to close if a slug is detected, judgement is per- 
formed by men or groups of men. Usually of course they are equipped with 
books and other mechanical aids to memory. 

In the Air I/efense System this function takes place in the "Area 
Control Center .* The function itself is called "threat evaluation" end 
also is part of the function of command. 

In response to the incoming data, judgement decides (1) should any 
action be taken} (2) what action should be taken; (3) whet agency should 
undertake this action. Thus if sales of a particular item are falling 
off, the board of directors must first decide whether to do enytiiing 
about it; having decided this in the affirmative, they must decide 
whether to Increase advertising, get more salesmen, lower the price or 
admit defeat end stop manufscturing that item. Obviously they do this 
in the light of past experience. Presumably if th$y decide not to take 
any action, they disregard further data concerning that item for the 
time being. It Is not clear that this principle is at present effectively 
carried out in the Air Defense System. 

It is currently proposed by some that complicated judgements can be 




UNCLASSIFIED 



UNCLASSIFIED 




mace by digital com^utihg machines. Whether this is a desirable innovation 
for the Air Defense System depends on the results of maneuveres intelli- 
gently carried out and whether there is a need for the increased speed of 
the machine and on whether the limitations of machine judgements are 
compa table with the flexibility of enemy operations. 
DIRECTORS 

In a business these are the managers, foremen, etc., who accept 
judgements end work out the detailed operations which the executing agency 
must perform in order to take the required action. Thus an advertising 
agency will plan the increased advertising, the sales manager will hire 
end instruct nev>* salesmen, the production men will decide how the price 
can be lowered and so on. Much of this work can be done by computing 
machines} inaeed in gun-laying it is completely automatic. At present in 
the Air Defense System it is accomplished by a man, called the ground 
controller. It is to be noted that often directors ere complete and com- 
plex organisms themselves. 
UFfcClOBS 

The effectors of an animal are its muscles. In addition man employe 
a huge variety of tools. Since the advent of servo-mechanisms we have had 
mechanical effectors which can be controlled without the direction of men. 
Often of course men ere used as effectors in the form of manual workers. 
The Air Defense System employs fighter aircraft each of which is itself 
a complex organism; it may also employ anti-aircraft artillery guided 
missiles and electronic countermeasures. 

It should be held clearly in mind that, while effectors are vitally 
important parts of the organism, triey are not all of it. It will be 
evident that, in analogy with a men, A. D.S.E.C. considers the contemporary 
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Air Defence System to be lame, purblind, and idiot-like. Of these 
comparatives, idiotic is the strongest. It makes little sense for us 
to strengthen the muscles if there is no brain; tad given a brain, it 
needs good eyesight. 
THE ORGANIZATION OF ORGANISMS 

In the following block diagrams each functional component will be 
Indicated by & box, except for the communication link, which is indicated 
by a line. Sensors, analysers, judgement, directors, and effectors will 
be denoted by their respective initials. 
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COB! VfcflDIHG MACHINE 

The effector can only operate in one way so that no explicit 
director is needed. 

When we consider, organisms made up of a number of men we must realise 
that the man »ho is cirector attempt* to control the muscles of the effector 
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directly, but actually must give orders tfaroufch the effector 1 t senses 
end breia. Thus ell of the man is always in use regardless of his 
function, but to varying degree. In the following men will be Indict ted 
by boxes divided unequally into ^arte accoruix% to which of his capabilities 
ifi dominant in his assigned function. 





s 


A 

J 
D 


i 


> 


S 


AJD 


£ 












& 


A 
J 
D 


E 


» 


Boss 




Secretary 





BOSS ANL SECRLTAEX (LOW PKICLL) 





& 


A 


J 










D 






A 








s 


J 


D 


& 



II 



Boss 



Secretary 



BOSS Ml SECM-TARI (HIGH PRICfcD) 



UNCLASSIFIED 




s 


A 


J 


E 


H 


s 


i 


£ 






D 






j 





















Observer 



Runner 



8 


A 


J 


E 






D 





Spies 













J 


8 


A 









E" 



s 



A 



E 



8 


A 


D 


E 




J 







Staff 



Caesar 



Field 

Commander 




Troops 



CAESAR'S ARMY 



Raw 
Materia^ 



s 


D 


E 


goods 


A 






Factory 








A 




S 


J 


E 










Card Puncher 



IBM Machine 



A HbDIMEUTABI MAIL ORLEh BUSIHESS 




- - - UNCLASSIF'ED 



UNCLASSIFIED 




' PRE&KHT AIR SYSTUI 



The multiplicity of date analyser* and directors, etch connected to caly one 
sensor can be regarded as uneconomical ♦ The profusion cf canters of judgement ie 
far worse since it leads to confusion ana poor judgements; "many cooks epoil the 
broth •* 

Hies© diagrams are useful to give us conf iaence. If e two-bit mail oraer house 
organization looks so complicated and works, and if the Air Defense System is simple: 
and doesn't work, then the obvious assumption is that the Air Iiefense System must be 
very complicated indeed in oraer to work} but then see what a simple diagram can be 
drawn for the animal* Consequently we need not expect to have to make an organisati 
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of greet complexity. 

One thing obvious ie that the beet organizations have only one center 
of judgement; perhaps this is something to be copied* 

CftKICISa OF THE PRESENT AIR DEFENSE &YST£M 

S1«SQ»S 

The main sensory elements employed are large ground based radar sets. 
(We shall not discuss at this point the supplementary ground observer system) . 
The radars suffer from the following inherent limitations: (1) They are 
intended to be usee for detection of aircraft at maximum ranges of about 150 
miles but their range against low flying aircraft is limited to about 30 
miles by the earth's curvature; (2) They cannot detect interceptors beyond 
about 75 miles ct any altitude} (3) Their facilities for finding target 
altitude are even more limited in effective range, are slow ana inaccurate j 
(A) They are unreliable due to faulty maintenance} (5) The installations are 
costly and require large staffs; (6) Pulse radars require aaditicnal MTI 
equipment to remove ground clutter* 
COMviUMICATIOB 

Voice communication is employed exclusively. This requires e special 
transducer to be aaded to the rsdar, the PPI tube, the use of which enormously 
deteriorates the data. Much telephone ^lant is available but its physical 
capability is largely wasted Xty the use of voice. The message rate is about 
100 times too low to handle the necessary traffic due to human limitations. 
Tests show that one man can continuously transmit the necessary data per- 
taining to only k aircraft. Tests run by Cambridge Research Laboratories 
under A.D.S.fc.C. auspices indicate that the ultimate traffic capacity of a 
normal telephone line is ( ) aircraft positions. 
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The ground to eir communi cation link can be jsmaec. In sharp distinction 
to the ground to ground comaiunicetione, it has emple speed ena traffic cepe- 
bility. 

The use of voice is chiefly objection* ble because the pilot is often 
distracted end ooes^t listen well. The ground transmitters are underpowered 
to e degree. A code system based on modem iaees woula eieo alleviate these 
difficulties, ell of which, while of themselves serious, are relatively minor 
compared to the troubles on the ground. 
ANALYSERS 

The present filter boards suffer greatly due to poor communications. 
In addition their traffic capacity is elso limited because of the speed 
limitations of the men who do the plotting. They are aiep inaccurate tnd 
unprecise. No numerical means is available to compute velocities and bear- 
ings rapidly. The plotters work under physicslly and mentally exhausting 
conditions. Although these men are used as machines, they must constantly 
make many minor judgements as they locate coordinates, etc. Thus mistakes 
are made. Coordinates are transposed from ©to X, Y systems graphically 
in the cruaest feshion. 

A considerable number of Judgements sre now made by these boards 
because of the limited communications with the center of judgement. Con- 
sequently no one kaowa who is doing what. 
ChXTL* OF J01X&MEHT 

The Ares Control Center la no*, merely a filter boara made large. 
Cartesian coordinate* from several radars are plottea on this bcera. The 
judgement is made by men looking at the board. Since no such board ever 
gets good data from th*» present filter boards, it cennot be seid definitely 
that the required judgements cannot in principle be maae speedily and 
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accurately enough by men; hcwever, such judgements cannot in feet be made 
now. The Judgement* are; should the aircraft be attacked?; from which 
air base should interceptors be Bent and how many? The present Control 
Center e function core as inspectors than commanders. At the present 
time it ie not clear that they really function at alii consequently it 
cen be questioned whether there really is en Air Defense System or whether 
what we have now ia a collection of uncoordinated radars and f ighter 
squadrons. 
DIRECTOR 

This is another man sitting at a PPI tube. It has been amply 
demonstrated in the anti-aircraft business that all of this function can 
be mechanized. Actually the ground controllers at present have no mecha- 
nical aids to computation at all. Moreover, there are far too few ground 
controllers in the system to handle its expected traffic by about 100 times. 
EFFECTORS 

We shell discuss only effectors belonging to the Air Force, i.e. 
interceptors. These are very complex organisms in their own right. They 
have the following inherent limitations i (1) They are ineffective at 
low altitude; (i) They are excessively expensive; (3) They have enormous 
quantities of delicate, herd to maintain sensory analysing and directing 
mechanisms; (4) They have to land on runways. 

The blind landing problem is exceedingly difficult to solve; it is 
far more difficult in principle than the interception problem. In effect 
a complete sensory, communications, judgement, and directional organism 
must be set up along side the AC/* system for this purpose. Present 
indications are that this blind landing system must be nearly as com- 
plicated and as expensive as the AC/W system. Moreover, there is no 
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lending system which has been proven even for slow rl^iaiy scheduled civil 
transport aircraft, whereat here we have fast aircraft flying almost 
randomly with minimum fuel. The importance of doing awey with the necessity 
for this additional extraordinarily complex ena costly system can not be 
overestimated. Almost any solution should be accepted in place of 
electronically controlled blind approach ana landing for interceptors. 
ORGAHIZAIIQN 

Because it e r pears that the eyes of the organism are half blind, the 
nervous system end brain almost now existent end the muscles weak, it would 
appear that the organisational pattern by which these 8re connected is 
scarcely worth while criticising. Some tentative remarks can nevertheless 
be made* 

First it may be more economical to organize the system like an animal. 
That is one might centralize the analysis, judgement end direction functions. 
This would necessitate vastly improved communi cation methods. At present 
each radar is equipped with & data analyser and s director, each of *hich 
should ideally be capable of* handling e maximal raid. But by definition 
of maximal raid can occur in the neighborhood of but one station' at a time; 
therefore, the analysers end airectors of the other stations are mostly 
idle. While some extras are needed for emergency, it is improbable that 
we need 10,000 per cent spares. 

One operational difficiency of dispersed analysers is that hostile 
plane flying successively in the outer ren&e of adjacent radart may e^peer 
in each of their scopes for insufficient time to be plotted and recognised; 
he could then penetrate the system although detected. A centralized 
analyser would militate against this. 
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OPERATIONS 

Although the separate components of the organism are besicElly in* 
adequate, they are st present far from achieving even their limited 
ultimate efficiency. The maintenance of equipment is poor ana the 
operational procedures ere unsystematifcea. 

In addition the civilian authorities apparently do not take the effort 
seriously. One evidence of this is the fact that aircraft of foreign 
origin sre allowed to approach He* York directly end oust be identified 
close to Mew York. Hew lork is thereby rendered inoefenoable. The 
interceptors must fly In assigned corridors and must under certain cir- 
cumstances get CAA approval. Nevy air ere ft fly in from carriers with <3^ 
flight plans. We must realise that a tight Air Defense System cannot be 
achieved unless only the air uefenee sircrtft have complete freecom of 
flight; there will inevitsbly be hindrances to other aircraft. Thi6 is 
one of the prices of air defense. 
SLURRY 

The present system is inadequate even for "broadcast control." 

WHAT CAN BL DOME HOW 

5EMS0BS 

In order to get low eltitude information we must employ not less than 
one radar per A, 000 square miles and preferably twice that number. This 
would increase the capital investment in radars by from 10 to 30 times 
what it is now and would require from 5 to 15 times as msny AC/W personnel • 
Further it is predicated on the use of digital analysers which have not 
been proven. This improvement is therefore not for "now." AH that can 
be done is to mske the present radars more reliable tjy the injection of 
some conuaon sense into the system. 
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COtSiUtflCATiOMS 

On the ground, voice comansiicstiona can be made more effective by 
training, better job assignment end general management improvement. 
Air to ground communications could be improved by the application of 
the Davis System and higher power transmitters. 
ANALYSIS 

A number of devices are available to make manual tracking and human 
filtering more efficient. The TPI photographically projected filter 
board is one. The Navy la another. These should be experimented with 
and if useable, got into production quickly. Besides being quick and 
dirty, they are invaluable training and operational analysis tools. 
Target acquisition and tracking should be separate jobs. Many more 
operators and PPI tubes can be installed. In this way broadcast control 
may be made feasible. 
JUDGMMT 

Essentially trivial reorganisation could be tried. Host important- 
ly maneuvers should be run and suitably recorded for study so that there 
will be come experience for the making of judgements. It may be possible 
thus to strengthen this function. 

LIREC1QRB 

Many more controllers should be employed. They should be. given Craig 
Computers or the like. They should be supervised by a chief controller. 

EFflCTORS 

The interceptors are in better relative shape than any other part 
of the system. There is little that can be done to them on a short term 
be sis. Since broadcast control is probably most effective with the 
present system, and there is no blind landing equipment, a great excess 
of fighters is needed, 
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OPERATION 

Even when so improved, the present system will hardly overcome the 
vast distances involved in the United States as compared to Britain, to 
achieve World Ear II kill rates of around 10%* Close control with this 
system would hardly be practicable e gainst more than 10 bombers per 
radar. Broadcast control should therefore be studied exhaustively for 
operation on the present system. The system so improved will not counter 
a blitz raid; it may be suitable for a war of attrition* 

WHAT MIGHT BJ& UAL IN A H3 1MB& (195A) 
(This is based on gadgets known to work 
on an experimental basis now.) 

SENSORS 

It is doubtful if any improvement can be gotten by the use of any new 
pulsed radar; it woula be better to improve by modification the present 
FPS-J^ CPS-6 to get superior high altitude coverage* Beacons should be 
installed in all interceptors. 

C0OJNICATI0NS 

The digital radar relay device could be used to take TPI plots to the 
ADCC and thus render it a real command post. 

Analogue track-while- scan units could be used for the use of SAGCI as 
well as TPI-DRfi for judgement centers. This puts two analysers in parallel 
and could result in confusion. 

JUDGEMENT 

Some kind of crude electro-mechanical situation board may be feasible; 
or the ERR data may be displayed on a large multi-gun cathode ray tube* 
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Essentially not much can be done. There is no sense in making calculators 

to evaluate threats for this 1954 system. 

DIRECTOR 

The SAGCI could be used for "modified broadcast control, i.e. groups 
of fighters are directed at groups of bombers. 
EFFLCTOR 

Some sort of navigation system should be installed for broadcast 
control. 

ORGANIZATION 

The separate analysers for judgement and direction as veil as the manual 
target acquisition are week points. 
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ILaterceptor/ 

There is still no solution- to the interceptor landing problem or to the 
low altitude problem. Its effectiveness against a smell raid might be fairly 
high, but it would saturate easily ana because of the poor organization, 
might make gross errors N even worse than the present system. It has the 
merit of using the gadgets now developed and If the A.&.S.E.C. sponsored 
experiments fail, will probably be adopted. It should be studied by Rand. 
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WHAT MIGHT OPERATE BY 1956 
There follows now a discussion of how the following chare cterietics 
might be obtained} (1) The ability to make close-controlled interceptions 
on raids of all size a , limited not by technical deficiencies but ty the 
amount of money assigned to the task; note that no amount of money could 
do this for the 1951 and 1954 systems) (2) Low altitude bombers could be 
attacked. 

It should be noted that whereas manned interceptors can be used 
successfully in either broadcast or close control, ground to air missiles 
must be close controlled. 

The discussion which follows discusses new ways of echieving the 
different functions of the organism from two points of view: economics 
and operational efficiency. The cheapest system is sought with the 
maximum traffic capacity* 
RADARS 

Economics of Capital Investment ! 

The economics of small radars vs large ones can be estimated in the 
following way* Divide the radar into its basic components i transmitter, 
receiver, scanner, terminal equipment, and PPI tubes} then see how the 
cost of these components varies with the size of the radar* 

But first, what is meant by a big radar — obviously one which has a 
long range; however, the problem with which we are faced is the defense 
of an area. Therefore we should speak of the area swept by the radar, 
rather than of its range. Suitably recasting the radar equation we have 
A»W% p£ where A is the area covered, If is the weight of the scanner 
(taken proportional to the 2/3 power of the dish area) end P the trans- 
mitter power* Now the cost of machinery is usually at least proportional 
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to its weight, end there ie some empirical eviaence that the cost of trans- 
mitting equipment is proportional to the square root of the power. Con- 
sequently if we increase the ares covered by increasing the power of the 
radar, we break even. If we increase the range by increesing the* antenna 
size, we definitely losej indeed for an eight-fold increese in sntennt cost 
we get at most a four-fold increase in area covered. This incicetes that 
very large redars in which the scanner represent* the major item of 
expense are likely to be uneconomical unless their size buys us something 
more than range (such ss narrow beams which wouldn't be needed if the rtnge 
were not so great.) If the problem of continuous height finding is eaded, 
this picture is even more in favor of smell radars. 

If we similarly investigate the cost versus area covered of PPI tubes 
we again obviously break even. On the cost of receivers we lose, but 
usually the receiver is e negligeble fraction of the total cost. 

If, however, we consider the cost of speciel necessary equipment, 
especially of Mil, but also of equipment which would be neeaeu to relty 
date without the use of human observers, such ss L.R.h. , then the ecvtatage 
is very definitely in favor of the long renge rader, since this cen be a 
major expense which is indepenaent of the ares covered by the radar. 

Economics of Perse ™" 1 ft^uiredi 
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gcon-owixB of Small Radars * 

The basic, unalterable properties of radio waves indicate that over 
land we cannot achieve low altitude coverage with radar ranges of greater 
than thirty miles because of earth's curvature. We ere therefore forced 
to employ small radars. But the economics indicate that as the power 
end antenna slse decreases, we suould also decrease the terminal equip- 
me*.* required. Put another way, rhile very large pulse radars ere un- 
economical, very small ones are also, and the smallest economical size 
is too large to give low altitude coverage. This we do not know how to 
do with pulsed radar. 

However, these ground radars are interested only in detecting moving 
targets. The present pulse radars do this at short ranges by the addition 
of e Doppler-effect sensitive device of considerable complexity and 
delicacy — the MTI. But it is possible to construct radars which are 
ab initio sensitive only to moving targets alone — the so celled CI radars. 
These would require no MTI and would give vastly superior ground clutter 
rejection. Moreover the equipment required to relay their date appears 
to be appreciably simpler than the pulse radar DRR equipment. By the use 
of CM radar, therefore, it may be possible to achieve both high and low 
altitude coverage at a comparable oost per square mile in men end money #s 
we now get only at high altitude with pulse radar. 

It is primarily to investigate the technical practicability of this 
economically attractive possibility that A.D.S.E.C. has advised the develope- 
ment of experimental CM short range radars. These radars may have other 
advantages as well, but low Initial cost and minimum of personnel necessary 
for maintenance and operation are the dominant ones. 
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TARGET TRACKS 

Case of the Large Pulsed Radar 
Manual Tracking 

Suppose that there la in view a large number n of target*, and the 
scan period of the radar is T. Suppose also that the time required for 
a man to read off tljp range and azimuth of one target i& t where obvious- 
ly t must be less than the scan period T or elae data is being lost* Then 
the maxima number of targets which can be tracked by one man is T/t and 
the minimum staff required is fl^J . Then if n = 100 targets, if the scan 
period is 12 seconds and if it requires 3 seconds to read off coordinates 
of a particular target, we require 25 trackers. 

Actually this is far too optimistic, for a rather involved reason 
having to do with making certain that each man tracKS the correct target* 

First of all it is obvious that each of these men cannot choose for 
himself echoes to track, for then some echoes would be tracked by several 
men and others by no men at all* Therefore echoes must be assigned to 
these men. This implies one other man whose job is to assign trackers* 
But this man requires time to do his work in, and if each tracker is 
given the whole PPI picture to begin tracking on, then by the time the 
assignor gets to the 25th man the picture will have so changed that he 
may not be sure just which echoes the first men are tracking. 

The remedy for this is simple in principle* One merely divides 
the PPI picture into radial and angularly defined regions, and sets each 
tracker to begin tracking targets which appear in a given region. But 
this means that all of a given tracker's echoes now appear in a restricted 
azimuth region, so that he has not the scan time T in which to work, but 
a time T/k where k is the number of azimuth regions in which the PPI is 
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divided* Consequently he can handle fewer than T/t targets, and no store 

than n t/ sen are required* In this way we can easily conclude that 
T 

fifty tracker e should be used on such e radar as AH/FPS-3; actually on 
the similar AH/CPS-5 hut two are currently used. (The large number (19) 
tubes furnished with JLM/CPS-6 are not accompanied by any organisational 
facility to guarantee their utility*) 

Thus we see that there is a fantastically narrow bottleneck in 
communications traffic capacity right at the sense organ of the organism. 

It la clear then that; First, we must employ more men as trackers; 
second, we must employ e target assignor. But if we employ a target 
assignor he must get his information from somewhere and thus implies still 
other men whose job it is not to track targets but simply to detect new 
ones. 

Hot. if these target detecting men or target acquirers are only re- 
quired to detect targets coming in from macimum range, they can each be 
given sector scopes of range say between 125 and 150 miles and covering 
say 45° of as&imuth. Their information must than be collected end present- 
ed to the assignor. It would then appear that we could use also several 
assignors each restricted to a particular region} or even perhaps use the 
acquirers themselves as assignors. 

But the situation is complicated considerably when we recognise that 
interceptors must also take off and first appear on the scope at close 
ranges. It then becomes mandatory to have some method whereby each echo 
has a distinguishing mark attached to it at lettt to indicate that it it 
already being tracked if such is the case. It would be best if this mark 
could also identify fighters from other aircraft of course. 




mm 26 ■* 



UNCLASSIFIED 



UNCLASSIFIED 




Thus we come to a system which also has about 100 independent range 
and aaimuth mark generators, besides upwards of forty cathode ray tube 
indicators. It also requires about 50 operators as it stands. 

But the number of operators could perhaps be halved if instead of 
reading off the target position, each man were given a cursor with which 
he could spot the target. But this involves about 100 independent cursors 
and their individual data transmission devices* 

What has been described thus far is essentially the tracking part of 
toe British Admiralty Comprehensive Display System. A.D.S.E.C. believes 
that this part of the system alone comprises enough vacuum tubes to make 
a digital computer to do the job with only the aid of a technician; and 
that in all likelihood one man of technician's calibre could be picked 
from a group suitably intelligent to run the C.D.S. The capability of a 
digital computer to do this particular job is expected to be experimentally 
demonstrated by 1 February 1951* as a part of the A.tt.&.E.C. experimental 
program* Furthermore the time required to set up the C.D.S* system would 
not be appreciably shorter than that required to set up a many target 
digital tracking system. 

Machine Tracking 

There are approximately ^ 'track~while-ecen' machines currently under 
development. Ill of those which have been demonstrated to work with actual 
radar signals can track but a single target at a time. Most of them are 
analogue devices. All of them require to be set on target manually 
(actually this is more due to the poor clutter rejection of pulse reoars 
than to inherent limitations of these devices). 
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Broadly speaking all these devices operate on the same principle* 
By means of ran^e and asimuth •gate* signals a small area is defined 
and this area is initially set manually to include a target echo* At the 
moment the echo appears its exact position is recorded in the device; the 
small defined area is initially made large enough so that a second echo 
from the moving target will also be recorded* These two sets of data 
are used to form a target velocity estimate, whereupon the defined area 
starts to move at this velocity end also to become smaller, finally 
reaching a minimum size dependent on the reliability of the prediction. 
Provision is also made to continue the operation with a more open mesh 
if the target echo is lost for a few scans. 

It is seen that this device also performs part of the function of 
the data analyser, I.e. it computes course and velocity. 

It should be abundantly clear from the discussion of manual tracking 
that this line of development is an important one* 

Although there are many devices of this sort under development, lack 
Of suitable facilities has prevented any investigation as to what the 
optimum mode of operation of these devices should be. Thus, should the 
velocity be computed on the basis of 2, 5, A - - or n points; should the 
data be smoothed and if so how; how should the data be corrected; 
should concentric boxes be used to handle the case of two diverging 
aircraft? How it is very likely either that there is only one right way 
of designing these gadgets, or that there are several different cir- 
cumstances each of which requires a different adjustment. The previously 
mentioned A.fc.S.i.C. digital computer experiments will attempt to answer 
these questions, and the results should be equally applicable to either 
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analogue or digital machines. 

It is believed, however, that analogue machines are not the moat 
economical means of doing the job when hundreds of targets must be 
handled simultaneously* . One digital computer, according to this view, 
could do the jobs of many separate analogue devices. This point will 
also be tested. 
COMMAND CEHTSR 

While questions of economy entered into the discussions of ideal 
radars and data analysers as well as the dominant question of operational 
capability, only the latter can be considered under this heading. Our 
discussion of other organisms shows that important decisions are only made 
at central headquarters in the light of the big picture. If we believe, 
as we do, that we should design the Air Defense System on lines proven 
successful in many other fields, then certainly this important function 
must be centralised. This can only be done if the communications system 
is effective and if the data analysis is thorough and fool proof. 

All important operational decisions must be made at the A.D.C.C. 

We envisage the data coming in from the analyser to consist of three 
categories t interceptors, identified aircraft, unidentified aircraft. 
We believe that one of the rules for making judgements will be: "All un- 
identified aircraft will be presumed hostile and will be intercepted! . 

In the initial operations of this system and possibly always, these 
judgements will be formed by aen. A possible situation board would present, 
as has been suggested before, a three dimensional picture in which the 
three categories of aircraft are given different colors. This should be 
fairly easy to contrive, given digital computer signals to work with 
instead of radar signals. From this board all judgements affecting large 
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groups of aircraft can certainly be made. 

There Is another type of judgement, however, which la best made by 
Machine and is properly Incorporated In the director. This includes the 
arranging of fighter paths to avoid collision, the decision as to 
whether a particular fighter should attack a second target, etc* 

Eventually one could do practically all the work of the A.D.C.C. by 
machine according to the chess-playing machine ideas of Shannon. One 
could then have the results of maneuveres tabulated as alternative 
strategic programs for a universal digital computer which would essentially 
play out the game according to the best move possible based both on the 
immediate tactical situation and on what has been learned in maneuveres. 
There is much to be said for this method if it can be achieved} 
principally that it insures that the experience gained from painstaking 
studies of maneuveres will actually be applied to the war. A. £.5. E.G. 
does not propose that this idea be tried immediately, however. 



The function of the director is to do the actual close-controlling 
of the individual fighter-bomber duels. This function is technically 
similar to that of a gun director. The chief difference is that a gun 
director concerns itself with only one target at a time whereas this 
director must compute on hundreds of targets simultaneously. This com- 
puter problem is more straight forward than that of the data analyser 
computer but the individual computations are more complex. The traffic 
handling capacity of the computer can be estimated as follows* let T be 
the maximum allowable interval between successive orders which must be 
sent to the fighter; let t be the time required by the machine to com- 
pute a new set of orders for one aircraft. Then T/t is the number of 
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aircraft which can be controlled. There la, of course, no reason why 
several directors could not be paralleled for increased capacity. 

If this were all that was required, thie could moat economically 
be a fixed-program computer* However, if low order judgements are re- 
quired of It as outlined in the preceding section, then it must have at 
least several alternative programs and may end up being a univeral com- 
puter such as is the Whirlwind Computer. 

There is, of course, no reason in principle why one computer only 
should not do the three jobs of analysis, game playing, and direction. 
However, it is our guess that computers may not have the required capacity 
to do all three functions for the tremendous numbers of aircraft involved 
in the time period tinder consideration. Thie point must be emphasised and 
reemphasiaed. le must be able to control precisely the individual fighters 
in huge numbers, and no computing device which can control only a few air- 
craft at a time should be considered for the long term solution. 
WEAPON? 

Given a good system, it should direct the operations of any useful 
weapon. Some possible weapons are manned fighters, anti-aircraft artillery, 
guided missiles and electronic countermeasures. We shall not discuss anti- 
aircraft artillery or short range ground to air missiles since these are not 
under Air Force cognizance. There should be little difficulty in integrat- 
ing these weapons into the system if they are furnished with individual fire- 
control systems* 
BANNED INTERCEPTORS 

The MX-1179 Interceptor is estimated to weigh about 15 tons and to 
have a 50Jt kill probability* Its control and guidance equipment exclusive 
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of armament will weight about half a ton and consume about 10 kilowatts of 
power. Its cost will be well over a million dollars. 

If the enesQr can mount an attack of 500 bombers (based on a total 
force of 1000 bombers) it appears to us that three MX-1179 should be 
assigned to each bomber* If the combat radius is 300 miles, the defended 
area is 600 miles deep and the defended perimeter is 3000 miles, we see 
that five sets of 1500 fighters each are required or 7500 fighters 
representing a capital investment of over #7,500,000,000. This would 
give a maximum attrition of £?t5% or 438 bombers. If 100 only of the 
original 500 bombers carry A-bombs, then the number of A-bombs which could 
still be dropped ranges from zero to 62 depending on the ingenuity and 
success of the enemy in using its surplus aircraft to shield the bomb 
carriers. Obviously we must study and apply counter tactics so that the 
attrition on boob-carriers approaches that for all bombers together. 

Alternatively we must attach each bomber with aircraft of higher kill 
efficiency or with more aircraft. On this basis it would require four 
times as many aircraft (30,000) to absolutely Insure that only 15 of the 
original 100 bombs were dropped. This is, of course, very pessimistic 
since if 485 of the original bombers are shot down it would be unlikely 
that the remaining crews would be sufficiently clear-headed to hit their 
targets. 

Obviously all of this assumes the worst possible case. It is not 
the business of A.C.S.E.C. to do staff planning or to calculate risks* 
A.D.S.E.C* in all technical problems takes the most pessimistic estimate 
for two reasons: (1) It is the only estimate for which the basic data are 
available and which can be made rigourously at this time; (2) We doubt that 
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the most pessimistically estimate situation can be overcome by the defease, 
but that Xty aiming at overcoming it, we can come doge to the countering 
whatever ie calculated to be the moat probable attack* 
LOBG RANGE GROUMD TO AIR MISSILES 

A great advantage would obviously be gained if we could get a kill 
probability of 50$ at a coat of aey $100,000 per missile* We could then 
more readily afford huge numbers of weapons* Such weapons make mandatory 
a close control capability on the part of the ground eye tern, however, and 
A.D.S.E.C. believes that neither the present system nor the 1953 system 
as sketched in this paper can ever achieve this requirement, therefore, 
there is no use in having these missiles until the ground system has the 
high traffic capacity needed. 
« There are additional advantages t (1) Since the machine fires no 

guns or rockets or MX-904 missiles it need compute no lead angles; 
therefore it need not measure the range from itself to the bomber; there* 
fore (a) it can home on jamming signals; (b) it can use a simple CI type 
A-lradar capable of working at any altitude; (2) Since it need not land or 
take off from an airport it has the great economic advantage of not re* 
quiring airports and extensive blind approach and blind landing systems 
which we don't know how to make, and the great operational advantage of 
flexibility of launching-site location. 
THE MANNED RAMMER 

Preliminary calculations show that a 9000 lb. all steel delta-wing 
airplane with a range of 600 miles could be made which could collide with 
a bomber without injuring the pilot. This device could be recovered by 
means of parachute landing and special recovery trucks. It has every 
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advantage of the long range guided missile with the additional features 

of recovery and most important of all it can be used with the present ground 

system and for broadcast control with aqy system. 

This is regarded in some quarters as biserrej one may, as far as 
technical principles are concerned,' make the seme remark about the guided 
missiles. The moral question we leave to others to discuss, contenting our- 
selves with pointing out that there is not much safety in landing a jet 
fighter on a dark and stormy night with two minutes of reserve fuel* 

In Table I we show the relative advantages of the three types of weapons. 

Capabilities Orthodox Manned Manned Long-range 

W*** R&gfier fr-j tosgUff 

Broadcast control Xes Xes Mo 

Close-control Yes Xes Xes 

Home on Jamming Signal No Xes Xes 

Use low altitude Cff Ho Xes Xes 
homing head 

Low cost Mo Xes Xes 

Meeds no airport Ho Xes Xes 

Mo blind landing problem Ho . Xes Xes 

Use with present system Xes Xes Mo 

COMCLPSIOM 

A.D.S.S.C. does not know if such a system cen be made. It v<ill not 
attempt on the basis of any peper studies to estimate its effectiveness even 
if it can be made. The reasons stated in this paper indicate the direction 
to go to make an optimum system. Whether it can be made and what it will do 
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can only t>e answered fcy experiment and A.D.S.E.C. encourages all who 
propose to carry out pertinent experiments. These Ideas were not 
dreamed up over night, nor without consultation with many other 
interested groups) they are not regarded as fixed for all tJjnej they 
will be altered in the light of continuing experiment. 




